Ferri-fluoro-katophorite is the second species characterised involving the rootname katophorite in the sodium-calcium subgroup of the amphiboles. The mineral and its name were approved by the IMA-CNMNC, vote 2015-096. It was found in the Bear Lake diggings, Bancroft area, Ontario, Canada, where coarse euhedral crystals of amphibole, phlogopite, sanidine solid-solution (now coarsely exsolved to microcline perthite), titanite, augite, zircon, and fluorapatite crystallized from a low-viscosity silicocarbonatitic magma of crustal origin. Greenish grey prismatic crystals of ferri-fluoro-katophorite generally protrude from the walls into a body of coarsely crystalline calcite, but they also occur away from the walls, completely enclosed by calcite. The empirical formula derived from electron microprobe analysis and single-crystal structure refinement is: 
phlogopite, sanidine solid-solution (now coarsely exsolved to microcline perthite), titanite, augite, zircon, and fluorapatite crystallized from a low-viscosity silicocarbonatitic magma of crustal origin. Greenish grey prismatic crystals of ferri-fluoro-katophorite generally protrude from the walls into a body of coarsely crystalline calcite, but they also occur away from the walls, completely enclosed by calcite. The empirical formula derived from electron microprobe analysis and single-crystal structure refinement is: A (Na 0.55 K 0.32 ) Σ=0 Σ=2 .00 . Ferri-fluoro-katophorite is biaxial (-), with α = 1.640(2), β = 1.652(2), γ = 1.658(2) and 2V (meas.) = 68.9(2)º, 2V (calc.) = 70.1º. The unitcell parameters are a = 9.887(3), b = 18.023(9), c = 5.292(2) Å, β = 104.66(3)°, V = 912.3
Introduction
We present the complete characterisation of ferri-fluoro-katophorite, ideally Na(NaCa)(Mg 4 Fe 3+ )(Si 7 Al)O 22 F 2 , a new species of amphibole of the sodium-calcium subgroup. The mineral and its name were approved by the IMA-CNMNC, vote 2015-096. Hawthorne et al. (2006) characterised a series of amphiboles from the Bear Lake diggings, Bancroft area, Ontario, Canada (44°53' N, 78°19' W). Two of them (BL10 and BL11) were classified as "potassian-fluor-magnesio-katophorite". According to the nomenclature rules now in force, root names are assigned to C (MgAl) compositions (Hawthorne et al., 2012) , and hence BL10 and BL11 must now be named ferri-fluoro-katophorite. A systematic work characterising all the missing (or named; Burke and Leake 2004) amphibole species is in progress after the publication of that report, and sample BL11 was used to complete the mineral description for ferri-fluoro-katophorite.
Electron-and ion-microprobe analyses (EMP and SIMS, respectively) and structure refinement (SREF) for this sample were reported by Hawthorne et al. (2006) . In the present work, the analytical data have been optimized according to current knowledge of amphibole crystal-chemistry. The mineral ferri-fluorokatophorite and its name were approved by the IMA-CNMNC vote 2015-096, and this paper complies with the requirement of publishing the complete mineral description. The holotype material of ferri-fluoro-katophorite is deposited in the mineral collection of the Department of Natural History, Royal Ontario Museum, Canada, catalogue number M57071.
Occurrence and optical properties
The Bear Lake diggings are located 8.4 km west of Tory Hill, Monmouth
Township, in the Bancroft District of southeastern Ontario, Canada. They are underlain by rocks of the Glamorgan complex, consisting mostly of quartzofeldspathic gneiss, amphibolite and marble (Armstrong and Gittins, 1968) .
The complex equilibrated at amphibolite grade during the Elzevirian compressive pulse of the Grenvillian collisional orogeny, at about 1280-1300 Ma (McLelland et al. 2010) . The supracrustal rocks, buried to 25 km or so, record a temperature of 725-750°C (Anovitz and Essene, 1990; Streepey et al., 1997) . Towards the end of the Grenville event,
at the Late Ottawan stage, the gravitational collapse of the overthickened crust led to the rise of the asthenosphere and of mantle-derived fluids, which induced the local melting of marble units. The resulting calcite dikes were emplaced between 1070 and 1040 Ma ago, at a stage of regional extension. They are steep and subparallel, and extend approximately east-west. They are typically 1 to 2 meters across, and pinch out at irregular intervals in an en échelon fashion (Vertolli et al., 1998) . The carbonatitic melt aggressively dissolved adjacent gneissic rocks, and in this way became a crustally derived silicocarbonatitic melt.
Coarse euhedral crystals of amphibole (samples BL10 and BL11), phlogopite, sanidine solid-solution (now coarsely exsolved to microcline perthite), titanite, augite, zircon and fluorapatite crystallized from this low-viscosity magma. These crystals (up to 8 cm long along c) generally protrude from the walls into the body of coarsely crystalline calcite, but they also are found away from the walls, completely enclosed by calcite, suggestive of rapid freezing of the silicocarbonatitic magma. The temperature of crystallization of the assemblage was above the crest of the alkali feldspar solvus (i.e., above 625°C).
The refined and analysed crystal used in this work was taken from rock specimen BL11; It has a composition closer to the end-member, and has the code 762 in the amphibole database of the CNR-IGG Pavia.
In the type specimen, ferri-fluoro-katophorite occurs as greenish grey prismatic to lamellar crystals with perfect {110} cleavage. The streak is grey and the tenacity is brittle.
A spindle stage was used to orient a crystal for measurement of refractive indices and 2V by extinction curves (Bartelmehs et al., 1992) . 
Single-crystal and powder diffraction analysis
Diffraction data for a prismatic single-crystal fragment 220  220  300 μm in size were collected in the θ range 2-30° using a Philips PW1100 diffractometer with graphitemonochromatized MoKα X-radiation (λ = 0.7107 Å). The scan width and the scan speed used were 2.40° and 0.06°sec -1 , respectively. Two monoclinic equivalents (hkl and h-kl)
were collected. Intensities were corrected for Lorentz and polarization effects and for absorption (ψ-scan method; North et al., 1968) . Full-matrix leastsquares refinement on I > 3σI converged to R obs = 1.7% and R all = 3.1%. Refined atom coordinates and displacement parameters, and selected bond lengths and angles are given in Tables 1 and 2 , respectively. Observed structure factors have been deposited together with the cif as Supplementary material (see below).
The a:b:c ratio calculated from the unit cell parameters is 0.549:1:0.294 X-ray powder-diffraction data (CuKα, λ = 1.54178 Å) were obtained using the XPREP utility of SAINT (Bruker, 2003) , which generates a 2D powder diffractogram (Debye-Scherrer technique) starting from the F 2 collected on the single crystal and taking into account solely the information concerning the unit-cell dimensions and the Laue symmetry. No Lorentz and polarization corrections were applied. Data are given in Table 3 .
Chemical analysis
Chemical analysis (10 points) on the crystal used for structure refinement was done using a 
Comments on the crystal-chemistry of ferri-fluoro-katophorite
Site populations were derived from the unit formula and the results of the structure refinement and are given in site; this result validates the constraint (OH,F,Cl) = 2 apfu used to calculated the unit formula. As already discussed in Hawthorne et al. (2006) , and explained on the basis of local bond-valence requirements, the A cations are strongly ordered at the A(m) subsite, where the interactions with F are stronger (Oberti et al., 2007) .
Relation with other species and a review of related compositions
The sample designated "ferri-katophorite" by Pushcharovski et al. (2003) A comparison is provided in Table 6 among the optical and crystallographic properties of these two known species related to the rootname katophorite.
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